APPARATUS AND METHOD FOR IMAGE-PROCESSING AND 
COMPUTER PROGRAM PRODUCT FOR IMAGE-PROCESSING 



[0001] This application is based on Japanese Patent 

Application No. 2000-178823 filed on June 14, 2000, the 
contents of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The present invention relates to a image-processing 
apparatus and its method intended to generate vector data 
based on raster data obtained by scanning graphic images as 
well as a computer program product storing image-processing 
programs for the same. 

2. Description of Related Art 

[0003] Scanning of a document generates raster data that 
expresses an image by a group of dots. A technology for 
converting this raster data into vector data (vector 
converting technology) is known. Once raster data is 
converted to vector data, it can be easily moved, scaled up 
or down, and rotated. 

[0004] The Publication of Japanese Patent Application No. 
6-195421 disclosed a technology for extracting line graphics 
(contour lines of graphic images) from raster data and a 
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technology to generate vector data along the extracted line 
graphics . According to the technology shown on this 
publication, it executes the process of detecting the colors 
of the line graphics and covering the entire closed area 
surrounded by each line graphic with the color of the particular 
line graphic. 

[0005] The technology of the publication is to extract line 
graphics from raster data, prepare vector data, and detect 
the color of each line graphic. However, the technology of 
the publication does not handle the information concerning 
the color within an enclosed area surrounded by a line graphic . 
Therefore, if the color of an enclosed area surrounded by 
a black contour line is green, it was not capable of handling 
the vector data generated along the black contour line and 
the information concerning the color (green) within the 
enclosed area as a package. 

[0006] As can be seen from the above, while the prior art 
is able of showing line graphics extracted from raster data 
as vector data, it does not store the information concerning 
the colors of enclosed areas related to the vector data. 
Therefore, it causes a problem that it cannot recreate the 
colors of the enclosed areas surrounded by the line graphics 
in reusing the vector data, thus reducing the usefulness of 
the data. 
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[0007] Moreover, the technology disclosed by the 

publication does not take the line widths of line graphics 
into consideration when it extracts the line graphics from 
raster data. Consequently, when it extracts a line graphic 
from raster data and executes a vector conver s ion , it generates 
two enclosed areas, namely one that is surrounded by the outer 
edge of the frame line and another that is surrounded by the 
inner edge of the line as shown in Fig. 22. Consequently, 
when such vector data are used to perform a process of scaling 
up or down the images , it causes a problem that the line widths 
vary as a result of the above-mentioned process. 



SUMMARY OF THE INVENTION 
[0008] It is an object of the invention to provide a image 
processing apparatus and method to convert raster data 
obtained by scanning graphic images into vector data and, 
if those extracted line graphics f orm enclosed areas , to enable 
to handle information of colors within the enclosed areas . 
[0009] It is another object of the invention to provide 
a image processing apparatus and method to solve the problem 
that the line width changes when a line graphic is scaled 
up or down. 

[0010] According to an aspect of the invention, an 

image-processing apparatus has a memory that stores raster 
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data obtained by scanning graphic image; and a processor 
connected to said memory. The processor extracts line 
graphics based on the raster data, and generates vector data 
along the extracted line graphics. The processor detects 
information concerning line widths of the extracted line 
graphics. The processor extracts an enclosed area surrounded 
by the extracted line graphics, detects information 
concerning a color within the extracted enclosed area. 
[0011] According to another aspect of the invention, an 
image-processing method has the steps of receiving raster 
data obtained by scanning graphic image, extracting line 
graphics based on the raster data, generating vector data 
along the extracted line graphics, detecting information 
concerning line widths of the extracted line graphics, 
extracting an enclosed area surrounded by the extracted line 
graphics , and detecting information concerning a color within 
the extracted enclosed area. 

[0012] According to still another aspect of the invention, 
an image-processing method has the steps of receiving raster 
data obtained by scanning graphic image, extracting line 
graphics based on the raster data, generating vector data 
along the extracted line graphics, detecting information 
concerning line widths and a color within the extracted line 
graphics, extracting an enclosed area surrounded by the 
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extracted line graphics, detecting information concerning 
a color within the extracted enclosed area, and storing 
information the vector data, information concerning the line 
widths and the color of the line graphics, and information 
concerning the color within the enclosed area. 
[0013] According to a further aspect of the invention, a 
program product for image processing, said program product 
causing a computer to execute the procedures of receiving 
raster data obtained by scanning graphic image, extracting 
line graphics based on the raster data, generating vector 
data along the extracted line graphics , detecting information 
concerning line widths of the extracted line graphics, 
extracting an enclosed area surrounded by the extracted line 
graphics , and detecting information concerning a color within 
the extracted enclosed area. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] Fig. 1 is a block diagram that shows the constitution 
of a digital copying machine that corresponds to the first 
embodiment of the invention. 

[ 0015 ] Fig . 2 is the main flowchart that shows the operation 
of the digital copying machine. 

[0016] Fig. 3 is a flowchart that shows the contents of 
the image process of Fig. 2. 
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[0017] Fig. 4 is a flowchart that shows the contents of 
the vector conversion process of Fig. 3. 

[0018] Fig. 5A and 5B are flowcharts that show the contents 
of the enclosed area extraction process of Fig. 3. 
[0019] Fig. 6 is a flowchart that shows the contents of 
the color detection process of Fig. 3. 

[0020] Fig. 7 is a flowchart that shows the contents of 

the vector color detection process of Fig. 6. 

[0021] Fig. 8 is a flowchart that shows the contents of 

the enclosed area color process of Fig. 6. 

[0022] Fig. 9 is a diagram that shows an example of data 

converted into vectors (vector group) . 

[0023] Fig. 10 is a diagram that shows the data stored in 
a stack. 

[0024] Fig. 11 is a diagram that shows the data stored in 
a stack. 

[0025] Fig. 12 is a diagram that shows the data stored in 
a stack. 

[0026] Fig. 13 is a diagram that shows the data stored in 
a stack. 

[0027] Fig. 14 is a diagram that shows the data stored in 
a stack. 

[0028] Fig. 15 is a diagram for describing the advanced 
vector conversion process for an enclosed area with a frame 
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line. 

[0029] Fig. 16 is an application example of the first 
embodiment . 

[0030] Fig. 17 is a modified vers ion of the fir st embodiment. 
[0031] Fig. 18 is a diagram that shows an application example 
(electronic file preparing machine) of the second embodiment 
of the present invention. 

[0032] Fig. 19 is a diagram that shows an application example 
(printer) of the third embodiment of the present invention. 
[0033] Fig. 20 is a diagram that shows an application example 
(image-processing server) of the fourth embodiment of the 
present invention. 

[0034] Fig. 21 is a diagram that shows an application example 
( controller ) of the fifth embodiment of the present invention . 
[0035] Fig. 22 is a diagram that shows the contents of the 
vector conversion of the prior art. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0036] The embodiments of this invention will be described 
below referring to the drawings . 
[0037] (First Embodiment) 

[0038] Fig. 1 is a block diagram that shows the contents 
of a digital copying machine that corresponds to the first 
embodiment of the invention. In the first embodiment, the 
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image-processing device according to the invention is 
constituted as a digital copying machine. 
[0039] A digital copying machine 100 is a compound mode 
machine having a scanner function and a printer function. 
The digital copying machine 100 has a vector conversion 
function. The vector conversion function automatically 
converts graphics in color documents into accurate vector 
data with high accuracies using limited amounts of data. The 
vector conversion function of the invention not only converts 
line graphics into vector data as describe later but also 
detects line widths of line graphics, extracts one or more 
enclosed areas, and detects the color of the line graphics 
and the colors within the enclosed areas, but also is capable 
of handling the information on the line widths and colors 
of the line graphics and the colors of the enclosed areas 
surrounded by the line graphics together with the vector data . 
Therefore, the vector conversion function according to the 
present invention is called "advanced vector conversion" 
throughout this specification to differentiate it from the 
conventional vector conversion function. 

[0040] The digital copying machine 100 includes an 

operating panel 1 , a scanner engine 3 , an auto document feeder 
(ADF) 5, an image-processing unit 7, a rasterizer 9, a printer 
engine 11, a memory 13, a communication interface 15, and 
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a control unit 17. 

[0041] The operating panel 1 is used for executing various 
inputs and displays. The scanner engine 3 scans documents 
to obtain digital image data, i.e., raster data. The ADF 5 
transports a document consisting of multiple sheets one sheet 
at a time to the document set position. The image-processing 
unit 7 receives the raster data obtained by scanning the 
document and executes the processing. The rasterizer 9 
expands the data obtained by the image-processing and stored 
in a specified format such as PDF, more specifically the data 
that contain vector data, into bitmap data (raster data) for 
the purpose of outputting to the printer. The print engine 
11 prints based on the image data in the bitmap format on 
the printing paper. The memory 13 stores programs and data. 
The communication interface 15 is used to output the image 
data (image data file) to the outside via a network (not shown) . 
The control unit 17 controls all the abovementioned units. 
[ 0042 ] Although it is not shown on the drawing , the operating 
panel 1 contains a touch panel display, a start key, a 10-key 
pad, and others . The touch panel display displays on its screen 
the mode currently set up, other selectable modes, the status 
of the copying machine 100 by means of graphics and messages. 
The user can switch the copy mode by touching the keys displayed 
on the screen. 
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[0043] The scanner engine 3 is a scanner engine that can 
accommodate scanning of color documents . The rasterizer 9 
includes a processor such as a rater image processor (RIP). 
The printer engine 11 is a printer engine that is capable 
of printing in colors . More specifically , the printer engine 
11 corresponds to a laser beam printer engine (LBP) or an 
Inkjet printer engine that can accommodate colors. 
[0044] The memory 13 includes a ROM, a RAM, and a storage 
media. The ROM stores programs and data. It is preferable 
that the ROM corresponds to a flash ROM (also called flash 
memory ) that can be electrically rewritten so that the programs 
and data can be updated. Various parameters for conducting 
the image-processing are stored in the ROM. The RAM and the 
storage media are used for storing the image data temporarily. 
More specifically, the RAM and the storage media store raster 
data obtained by scanning graphic image . The RAM and the storage 
media store the vector data, information concerning the line 
widths and the color of the line graphics, and information 
concerning the color with in the enclosed area. 
[0045] The communication interface corresponds to a 

network interface card (NIC). The NIC is also called a LAN 
board. The control unit 17 corresponds to a CPU. 
[0046] The image-processing unit 7 is divided into several 
elements depending on their functions. More specifically, 
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the image-processing unit 7 includes an area-identifying unit 
19, a character recognition unit 21, a vector conversion unit 
23, an enclosed area detection unit 27, a color detection 
unit 29, a copy image-processing unit 35, and a synthesizing 
unit 37. 

[0047] The area-identifying unit 19 identifies character 
areas , graphic areas, and photograph areas of a document image 
scanned by the scanner engine 3 and divides the image data 
into those areas. The character recognition unit 21 
recognizes character images contained in the character area 
and converts them into character code data. The vector 
conversion unit 23 extracts line graphics that include lines 
and/or curves contained in the graphic area, and generates 
vector data along the line graphics. The vector conversion 
unit 23 also contains a line width-detecting unit 25. The 
line width-detecting unit 25 detects information concerning 
the line width of the line graphics. 

[0048] The enclosed area-extracting unit 2 7 extracts one 
or more enclosed areas surrounded by the extracted line 
graphics. The color-detecting unit 29 detects not only the 
information concerning the colors of the line graphics but 
also the information concerning the colors inside the enclosed 
areas surrounded by the extracted line graphics, so that the 
detected color information can be handled as one image data 
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file with the vector data. Specifically, the color-detecting 
unit 29 consists of a vector color detecting unit 31 that 
detects the colors of the line graphics and an enclosed area 
color detection unit 33 that detects the colors within the 
enclosed areas. 

[0049] The copy image-processing unit 35 executes the 
image-processing that consists of preprocessingthat includes 
smoothing, and edge enhancement and binarizing processing 
that includes the error dispersion method (dither method). 
The copy image-processing unit 35 executes copy 
image-processing,, which is image-processing for recreating 
the original image with high fidelity. The synthesizing unit 
37 synthesizes the character data, the vector data added with 
the information concerning the line width and the color within 
the enclosed area, and photographic image in the photographic 
area. The synthesized image data is recorded in a specified 
file type (e.g., PDF) to generate an image data file. 
[0050] Fig. 2 is the main flowchart that shows the operation 
of the digital copying machine 100. The algorithm shown in 
the flowchart of Fig. 2 is stored as a control program in 
the memory 13 (ROM) of the digital copying machine 100 and 
is executed by the control unit 17 (CPU). 

[0051] At the step SI 000, the copy mode is set up. The 
copy mode is set up by means of the 10-key pad and setup menu 
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screens displayed on the touch panel display on the operating 
panel 1. The copy mode includes, for example, the number of 
copies to be made, copying paper, copying scale, copy density, 
single/double sided copy, and non-sorting/sorting. The 
document to be made copy of is set up according to a specified 
method. 

[0052] At the step S2000, it is judged whether the start 
key on the operating panel 1 is pressed. If the start key 
has not been pressed (S2000: No) , the digital copying machine 
100 waits until the start key is pressed. When the start key 
is pressed (S2000: Yes) , the digital copying machine 100 judges 
that there was an instruction of the user, it advances to 
the step S3 000, and starts the copying operation. 
[0053] At the step S3 000, the scanner engine 3 scans the 
document. As a result, digital image data is obtained. The 
obtained digital image data is raster data expressed in bitmap . 
When the ADF 5 is used, a document consisting of multiple 
sheets is transported automatically one sheet at a time to 
perform scanning continuously. 

[0054] At the step S4000, the control unit 17 instructs 
the image-processing unit 7 to execute image-processing and 
the image-processing unit 7 executes the specified image 
process to the image data obtained at the step S3000. 
Consequently, an image data file for output is generated. 
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[0055] At the step S5000, the rasterizer 9 expands the image 
data file generated at the step S4000 into bitmap data. The 
printer engine 11 then prints the contents on paper based 
on the deployed data. If the document set on the machine is 
a color document, color printing is executed at this time. 
[0056] Fig. 3 is the flowchart that shows the contents of 
the image-processing shown at the step S4000 of Fig. 2. 
[0057] At the step S4100, the area-identifying unit 19 
executes area identification on the data obtained at the step 
S3000. Specifically, the area identification unit 19 
classifies the document image obtained by the scanner engine 
3 ("input image") into three areas, i.e., character area, 
graphic area and photographic area , and divides it accordingly . 
Different processes are applied to the data divided into the 
three kinds of areas respectively. 
[0058] Character area 

[0059] At the step S42 00, the area-identifying unit 19makes 
a judgment whether the area-in-guestion is a character area. 
If it is a character area (S4200: Yes), it advances to the 
step S4300; if it is not a character area (S4200: No), it 
advances to the step S4400. 

[0060] At the step S4300, the character recognition unit 
21 recognizes the character image contained in the character 
area and converts it into character code data . Specifically, 
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the character recognition area 21 converts the recognized 
character image into character codes such as the JIS code. 
[0061] Graphic area 

[0062] AtthestepS4400, the area-identifying unit 19 makes 
a judgment whether the area-in-question is a graphic area. 
If it is a graphic area (S4400: Yes) , it advances to the step 
S4500; if it is not a graphic area (S4400: No), more 
specifically if it is a photographic area, it advances to 
the step S4800. 

[0063] At the step S4500, the vector conversion unit 23 
executes the vector conversion process on the graphic area. 
The vector conversion unit 23 extracts line graphics contained 
in the graphic area, and generates vector data along the 
extracted line graphics. The line width detection unit 25 
detects the information concerning the line width of the line 
graphics. The information concerning the line width is 
treated as a package with the vector data. The coordinates 
of the start point and the end point express the vector itself . 
[0064] AtthestepS4600, the enclosed area-extracting unit 
27 executes the enclosed area extraction process on the data 
converted into vectors. Thus, the enclosed areas that are 
surrounded by line graphics are extracted. 
[0065] At the step S47 00, the color detection unit 2 9 
executes the color detection process. Thus, the color 



- 15 - 



detection unit 29 detects the information concerning colors 
(color information) that is treated as a package with the 
vector data that are obtained by conversion at the step S4500 . 
The color information contains colors of the enclosed areas 
surrounded by the line graphics in addition to the colors 
of the line graphics . The color of a line graphic (i.e., color 
corresponding to a vector) is detected by the vector color 
detection unit 31. The enclosed area color detection unit 
33 detects the color of the enclosed area. 
[0066] A series of processes mentioned above concerning 
the graphic area, i.e., the vector conversion at the step 
S4500, the enclosed area extraction process at the step S4600 , 
and the color detection process at the step S4700, are the 
processes for realizing advanced vector conversion according 
to the invention, and these three are jointly named here as 
the "advanced vector conversion process . " The data obtained 
as a result of the advanced vector conversion process contains 
information on the line widths and colors of line graphics 
and the color within the enclosed areas surrounded by the 
line graphics in addition to the vector data. 
[0067] Photographic area 

[0068] At the step S4800, the copy image-processing unit 
35 executes the image-processing that includes the 
aforementioned preprocess and binarizing processing on the 
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picture areas to recreate the original image with high 
fidelity. 

[0069] When the processing on all areas is completed, the 
synthesizing unit 37 synthesizes the character data, vector 
data (containing both line width and color information) and 
picture area, which are the results of the processing on each 
area at the step S4900, and generates the image data file 
by recording the synthesized image data in a specified file 
format (PDF, etc.)* This image data file is stored in the 
memory 13. 

[0070] <Vector conversion and detection of line width of 
line graphio 

[0071] Fig. 4 is the flowchart that shows the contents of 
the vector conversion process at the step S4500 of Fig. 3. 
At the step S4505, the binarization process is executed on 
the image data of the graphic areas in any conventional method 
to obtain a binary image. 

[0072] At the step S4510, the vector conversion unit 23 
executes the center lining process on the binary image obtained 
at the step S4505 in any conventional method to extract the 
core line with the line width of 1 . 

[0073] At the step S4515, the vector conversion unit 23 
executes the vector conversion using the core line data 
obtained at the step S4510. In other words, the vector 
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conversion unit 23 converts the core line into vectors . Thus , 
the vector data along an extracted line graphic may be generated 
by means of converting the line graphic into a core line. 
The vector generated by converting a line graphic into a core 
line is called a core line vector. The core line here is 
expressed as an assembly of line segment vectors. If a 
straight line portion is long, the generated vector is a long 
vector, while a curved portion is expressed as a series of 
short vectors. 

[0074] The method used here to express a line graphic is 
a method of extracting the core line and converting it to 
vectors, but the method of converting it to vectors are not 
limited to it, but rather any appropriate method can be used. 
[0075] At the step S4520, the line width detection unit 
25 detects the line width of a line graphic converted into 
vectors at the step S4515. The detection of the line width 
is done by statistically processing the data obtained in the 
conversion process into the core line or vectors. More 
specifically, the line width can be detected by obtaining 
the average distance between the edges of the line that 
constitute the line graphic and the core line and doubling 
the average distance. The detected information concerning 
the line width is handled as a package with the vector data 
of the corresponding line graphic. Any appropriate method 
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can be used for the detection of the line width. 
[ 007 6 ] Thus , to be able to handle the information concerning 
the line width of the line graphic as a package with the vector 
data is one of the features of the invention. 
[0077] At the step S4525, the line width detection unit 
25 selects one vector from all the core line vectors obtained 
at the step S4515 and compares the line width detected at 
the step S4520 that is attached to the selected vector with 
a prescribed threshold value . The process of judging whether 
the line width of the line graphic is larger is used for making 
a judgment on whether to use the line graphic as a line or 
an area. If the line width is larger than the threshold value 
(S4525: Yes), the particular portion of the line graphic is 
judged to be treated as an area rather than a line, and the 
control advances to the process of the step S4530. If the 
line width is less than the threshold value (S4525: No) , the 
portion of the line graphic is judged to be treated as a line, 
and the control advances to the step S4540. 
[0078] At the step S4530, the edges of the line where the 
line width is larger than the specified threshold are detected . 
[0079] At the step S4535, the vector conversion unit 23 
executes the vector conversion using the edge data detected 
at the step S4 53 0 . In other words , the vector conversion unit 
23 converts all the edges detected into vectors ( "edge vector" ) 
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These edge vectors are attached with information stating that 
the line width is 1. 

[0080] At the step S4540, a judgment is made whether the 
comparison at the step S4525 to all the core line vectors 
obtained at the step S4515 is completed. If the comparison 
process of the step S4525 is not completed for all the core 
line vectors (S4540: No), the control returns to the step 
S4525 to start the comparison process for the next core line 
vector. If the comparison process to the entire core line 
vectors is completed (S4540: Yes), the control returns to 
the flowchart shown in Fig. 3. 
[0081] <Extraction of the enclosed area> 
[0082] Fig. 5A and 5B are flowcharts showing the contents 
of the enclosed area extraction process at the step S4 600 
of Fig. 3. 

[0083] At the step S4 605, the enclosed area extraction unit 
27 stores the coordinate of the vector-in-question in the 
memory 13 (RAM). At the start of this enclosed area extraction 
process, one vector is selected from the vector data (group 
of vectors) obtained at the step S4500, and is used as the 
vector-in-question. The vector-in-question in the initial 
stage where the start point coordinate is stored is called 
''initial vector-in-question" and is differentiated from the 
other vectors- in-question that do not accompany the storage 
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of the start point coordinate. 

[0084] At the step S4610, the enclosed area extraction unit 
27 makes a judgment whether there is another vector that 
connects with the end point of the vector-in-guestion. The 
judgment is made by searching vectors that have the same 
starting coordinates or end coordinates as that of the end 
point coordinate of the vector-in-guestion. If there is any 
vector that connects with the end point of the 
vector-in-question (S4610: Yes) , the control advances to the 
step S4615. If there is no vector that connects with the end 
point of the vector-in-guestion (S4610: No), the control 
advances to the step S4655. 

[0085] At the step S4615, one vector is selected from all 
other vectors searched at the step S4610 and this vector is 
used as the candidate vector. 

[0086] At the step S4620, a judgment is made whether there 
is any other vector that connects with the end point of the 
vector-in-guestion other than the candidate vector. If there 
is a connecting vector other than the candidate vector ( S4 6 2 0 : 
Yes), the control advances to the step S4625. If there is 
no connecting vector other than the candidate vector (S4620: 
No), the control advances to the step S4630. 
[0087] At the step S4 62 5, the enclosed area-extracting unit 
27 stores a group of vectors that show the route from the 
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initial vector-in-question to the current vector-in-question 
and a group of connecting vectors other than the candidate 
vector in a stack provided in the memory 13 (RAM). This is 
to prevent the enclosed area from being extracted due to vector 
branching. 

[0088] At the step S4630, the enclosed area extracting unit 
27 makes a judgment whether the candidate vector has ever 
been used. If the candidate vector has never been used so 
far (S4630: Yes), the control advances to the step S4635. 
If the candidate has been used before ( S4 63 0 : No), the control 
advances immediately to the step S4655. 

[0089] At the step S4635, the enclosed area extract unit 
27 makes a judgment whether the coordinate of the end point 
of the candidate vector matches with the starting coordinate 
stored at the step S4605. If the end point coordinate of the 
candidate vector does not match with the stored starting 
coordinate (S4635: No) , the control advances to the step S4 640 . 
If the end point coordinate of the candidate vector matches 
with the stored starting coordinate (S4635: Yes) , the control 
advances to the step S4645 judging that the enclosed area 
is detected. 

[0090] At the step S4640, the enclosed area extracting unit 
27 repeats the above processes by returning to the step S4610 
and using the candidate vector as the vector-in-question. 
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[0091] At the step S4645, the enclosed area extracting unit 
27 judges whether the enclosed area detected at the step S4635 
is the same as the enclosed area, which has been detected 
and already grouped. This judgment is done by comparing the 
groups of the vectors that constitute the enclosed areas. 
If the detected enclosed area is the same as the enclosed 
area, which has already been grouped (S4645: Yes), the control 
advances to the step S4 655. If the detected enclosed area 
is not the same as the enclosed area, which has already been 
grouped (S4645: No), the control advances to the step S4650. 
[0092] AtthestepS4650, the enclosed area-extracting unit 
27 groups the detected vectors as the group for the newly 
extracted enclosed area. 

[0093] AtthestepS4655, the enclosed area-extracting unit 
27 makes a judgment whether there is any data stored in the 
stack. The process of the step S4 655 is executed, as mentioned 
above, when no other vector that connects with the end point 
of the vector-in-guestion (S4610: No), when the candidate 
vector has ever been used (S4630: No), and when the same 
enclosed area as the enclosed area, which has already been 
grouped, is detected (S4645: Yes). If some data are stored 
at the stack (S4 655: Yes), the control advances to the step 
S4660. If no data is stored at the stack (S4655: No), the 
control advances to the step S467 0, judging that the entire 
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data stored at the stack has been searched. 
[0094] At the step S4660, the data are read out from the 
stack. At the step S4665, one vector is selected to be the 
candidate vector from the group of connecting vectors read 
out from the stack and the control returns to the step S4620. 
This makes it possible to extract all enclosed areas without 
fail eliminating the chance of missing any areas due to 
branching even if one line is branching into several lines. 
[0095] At the step S4670, a judgment is made whether the 
extraction of enclosed areas is completed for the entire 
vectors of the group of vectors obtained at the step S4500. 
If the extraction has not been completed for the entire vectors 
(S4670: No), the process at the step S4675 is executed. If 
the extraction has been completed for the entire vectors 
(S4 670: Yes), the enclosed area extraction process terminates 
and the control returns the flowchart of Fig. 3. 
[0096] At the step S4675, the next vector from the group 
of vectors obtained at the step S4500 is selected to be the 
initial vector-in-question. The control then returns to the 
step S4605, and the above process is repeated. 
[0097] Next, the content of the enclosed area extracting 
process is described in further detail referring to Fig. 9 
through Fig. 14. Fig. 9 is a diagram that shows an example 
of data converted into vectors and Fig. 10 through Fig. 14 
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are diagrams that show the data stored in stacks. 
[0098] A vector AB is selected as the initial 

vector-in-question. The start point A of this initial 
vector-in-questionAB is stored in the memory 13 (RAM) (S4605). 
A search is made for other vectors that connect with the end 
point B of the vector AB. Since there are two other vectors 
that connect with the end point B of the vector-in-question 
AB (S4610: Yes), one of them, i.e., vector BC, is selected 
as the candidate vector (S4615). Since another connecting 
vector (vector BE) exists, in addition to the candidate vector 
BC (S4620: Yes) , the vector group leading up to and including 
the vector-in-question (vector AB) and the connecting vector 
group (vector BE) other than the candidate vector are stored 
in a stack (refer to Fig. 10) (S4625). Since the candidate 
vector BC has never been used (S4630: Yes) and the end point 
C of the candidate vector BC does not match with the start 
point A (S4635: No), the candidate vector BC becomes the 
vector-in-question (S4640). 

[0099] A search is made for other vector that connects with 
the end point C of the vector-in-question BC. Since another 
vector that connects with the end point C of the 
vector-in-question BC exists (S4610: Yes), the vector CD is 
selected as the candidate vector (S4615). Since no other 
connecting vector other than this candidate vector CD exists 
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(S4620: No) , no data is stored into the stack. The candidate 
vector CD has never been used (S4630: Yes) and the end point 
D of the candidate vector CD does not match with the start 
point A (S4635: No), the candidate vector CD becomes the 
vector-in-question (S4640). 

[0100] A search is made for other vectors that connect with 
the end point D of the vector-in-question CD. There is no 
other vector that connects with the end point D of the 
vector-in-question CD in this case (S4610: No). Therefore, 
a search is conducted for data that correspond to other branches . 
Since there is data stored in the stack (refer to Fig. 10) 
(S4655: Yes), the data is read from the stack (S4660). The 
vector BE read out of the stack is selected as the candidate 
vector (S4665). At this point, the stack becomes empty 
temporarily. 

[0101] Since there is no other vector, other than the 
candidate vector BE that connects with the vector AB (S4620) , 
no data will be stored into the stack. Since the candidate 
vector BE has never been used (S4630: Yes) and the end point 
E of the candidate vector BE does not match with the stored 
start point A (S4 635: No), the candidate vector BE becomes 
a vector-in-question (S4340). 

[0102] A search is made for other vectors that connect with 
the end point E of the vector-in-question BE. In this case, 
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since there are three other vectors that connect with the 
end point E of the vector-in-question BE (S4610: Yes), one 
of the vectors, i.e. , vector EF, is selected as the candidate 
vector (S4615). Since there are other connecting vectors 
(vector EG and vector EH) in addition to the candidate vector 
EF (S4620: Yes), the group of vectors (vector AB and vector 
BE) leading up to and including the vector-in-question and 
the group of other connecting vectors (vector EG and vector 
EH) , other than the candidate vector, will be stored in the 
stack (refer to Fig. 11) (S4625). Since the candidate vector 
EF has never been used (S4630: Yes) and the end point F of 
the candidate vector EF does not match with the stored start 
point A (S4635: No), the candidate vector EF becomes the 
vector-in-question (S4640). 

[0103] A search is made for other vectors that connect with 
the end point F of the vector-in-question EF. Since another 
vector exists that connects with the end point F of the 
vector-in-question EF (S6105: Yes), the vector FG is selected 
as the candidate vector (S4615) . Since no other connecting 
vector other than this candidate vector FG exists (S4620: 
No) , no data is stored into the stack. The candidate vector 
FG has never been used (S4630: Yes) and the end point G of 
the candidate vector FG does not match with the start point 
A (S4635: No), the candidate vector FG becomes the 
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vector- in-quest ion (S4640). 

[0104] A search is made for other vectors that connect with 
the end point G of the vector-in-question FG, and since another 
vector exists that connects with the end point G of the 
vector-in-question FG ( S4 6 1 0 : Yes ) , this vector GE is selected 
as the candidate vector (S4615) . Since no other connecting 
vector other than this candidate vector GE exists (S4620: 
No) , no data is stored into the stack. The candidate vector 
GE has never been used (S4630: Yes) and the end point E of 
the candidate vector GE does not match with the start point 
A (S4635: No), the candidate vector GE becomes the 
vector-in-question ( S4 64 0 ) . 

[0105] A search is made for other vectors that connect with 
the end point E of the vector-in-question GE. In this case, 
since there are three other vectors that connect with the 
end point E of the vector-in-question GE (S4610: Yes), one 
of the vectors, i.e. , vector EB, is selected as the candidate 
vector (S4615). Since there are other connecting vectors 
(vector EF and vector FH) in addition to the candidate vector 
EB (S4620: Yes), the group of vectors (vector AB, vector BE, 
vector EF , vector FG , and vector GE ) leading up to and including 
the vector-in-question and the group of connecting vectors 
(vector EF and vector EH) other than the candidate vector 
will be stored in the stack (refer to Fig. 12) (S4625). However, 
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the candidate vector EB has been used in the previous route 
(S4630: No). Therefore, the candidate vector EB does not 
become a vector-in-question. Thus , a search is made for other 
data that correspond to other branches. More specifically, 
since there are data stored in the stack (refer to Fig. 12) 
(S4655: Yes), the data are read out from the stack (S4660). 
The vector EF read out from the stack is selected as the 
candidate vector (S4665). The data stored in the stack at 
this point is as shown in Fig. 11. 

[0106] Since there is another connecting vector (vector 
EH) exists other than the candidate vector EF (S4620: Yes), 
the group of vectors (vector AB, vector BE, vector EF, vector 
FG, and vector GE) leading up to and including the 
vector-in-question and the group of connecting vectors 
(vector EH) other than the candidate vector will be stored 
in the stack (refer to Fig. 13) (S4625). However, since the 
candidate vector EF has also been used in the previous route 
(S4630: No), it does not become a vector-in-question. 
Therefore, a search is made for data concerning other branches . 
Since there are some data stored in the stack (refer to Fig. 
13) (S4655: Yes), the data are read from the stack (S4660). 
One of the connecting vectors, i.e., vector EH, is selected 
as the candidate vector (S4 665). The data stored in the stack 
at this point again becomes as shown in Fig. 11. 
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[0107] Since no other connecting vector other than this 
candidate vector EH exists (S4620: No), no data is stored 
into the stack. The candidate vector EH has never been used 
(S4630: Yes) and the end point H of the candidate vector EH 
does not match with the start point A (S4635: No) , the candidate 
vector EH becomes the vector-in-question (S4640). 
[0108] A search is made for other vectors that connect with 
the end point H of the vector-in-question EH. There is no 
other vector that connects with the end point H of the 
vector-in-question EH in this case (S4610: No). Therefore, 
a search is conducted for data that correspond to other branches . 
Since there are some data stored in the stack (refer to Fig. 
11) (S4655: Yes), the data are read from the stack (S4660). 
The vector EG from the connecting vector group is selected 
as the candidate vector (S4665). At this point, the stack 
becomes empty again. 

[0109] Since there is another connecting vector (vector 
EH) exists other than the candidate vector EG (S4620: Yes) , 
the group of vectors (vector AB, vector BE) leading up to 
and including the vector-in-question and the group of 
connecting vectors (vector EH) other than the candidate vector 
willbe stored in the stack (refer to Fig. 14) (S4625). However, 
since the candidate vector EG has already been used in the 
previous route (S4630: No) and there are some data stored 
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in the stack (refer to Fig. 14) (S4655: Yes), it does not 
become a vector-in-question. Therefore, a search is made for 
data concerning other branches . More specifically, the data 
are read from the stack (S4665) . The vector EH is selected 
from the connecting vector group as the candidate vector 
(S4665). At this point, the stack becomes empty. 
[0110] Since no other connecting vector other than this 
candidate vector EH exists (S4620: No), no data is stored 
into the stack. However, since the candidate vector EH has 
already been used in the previous route (S4630: No), it does 
not become a vector-in-guestion. Since there is not data 
stored in the stack (S4655: No) , no branching does not exist. 
Therefore, the extraction for enclosed areas in case of using 
the vector AB as the initial vector-in-question terminates . 
However, since the extraction for the entire vectors has not 
bee terminated (S4670: No), one of the vectors other than 
vector EB for the vector group shown in Fig. 9 (e.g., vector 
BC) is selected as the initial vector-in-question (S4675) 
to repeat the execution of a similar processing. 
[0111] The extraction of enclosed areas is repeated in 
sequence by selecting each of the remaining vectors as the 
initial vector-in-question. As a consequence, the enclosed 
area EFG is detected for the cases where the initial 
vector- in-quest ions are the vectors EF, FG, and EG. However, 
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it is grouped as the enclosed area EFG surrounded by line 
graphics (S4650) only when it is detected for the first time 
(S4645: No) . The enclosed area surrounded by line graphics 
is thus extracted with the above procedures. 
[0112] <Detection of the color > 

[0113] Next, the procedures for detecting colors of line 
graphics and colors of enclosed areas surrounded by line 
graphics are shown. 

[0114] Fig. 6 is a flowchart showing the contents of color 
detection procedures shown at the step S4700 of Fig. 3. 
[0115] At the step S4710, the vector color detection unit 
31 detects the color of the line graphics obtained at the 
step S4500. 

At the step S4750, the enclosed area color detection unit 
33 detects the color in the enclosed area extracted at the 
step 4600, i.e., the color in the enclosed area surrounded 
by the line graphics converted into vectors. To be able to 
detect the information concerning the color of an enclosed 
area surrounded by line graphics is one of the features of 
the invention. 

[0116] Fig. 7 is a flowchart showing the contents of the 
vector color detection process of Fig. 6. 
[0117] In executing the vector color detection process, 
the entire vector data obtained at the step S4500 is read 



- 32 - 



from the memory 13 (RAM). The vector data consists of 
coordinate data of the start point and the end point, and 
also includes the line width information at this point. 
[0118] At the step S4715, the vector color-detecting unit 
31 calculates the coordinate of the mid point of a vector 
from its start point and end point coordinates . More 
specifically, the vector color detection unit 31 calculates 
the coordinate of a point that divides the distance between 
the start point and the end point to 1 : 1 . 
[0119] At the step S4720, the vector color detection unit 
31 obtains the color information of the positions 
corresponding to the three points, i.e., the start point, 
the mid point, and the end point. The color information can 
be expressed in various kinds of data, such as RGB, CMYK or 
L*a*b* . 

[0120] At the step S4725, the average value of the color 
information of the start point, the mid point, and the end 
point. The average value thus obtained is outputted as the 
information concerning the particular line graphic. 
[0121] At the step S4730, a judgment is made whether the 
color detection of all vectors is completed. If the color 
detection of all vectors is not yet completed (S4730: No), 
the control advances to the step S4735 . If the color detection 
of all vectors has been completed (S4730: Yes), the vector 
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color detection process is terminated and the control returns 
to the flowchart of Fig. 6. 

[0122] At the step S4735, the next vector is selected as 
the vector- in-quest ion, and the control returns to the step 
S4715 to execute a similar process as the above. 
Fig. 8 is a flowchart showing the contents of the enclosed 
area color detection process of Fig. 6. In executing the 
enclosed area color detection process, all the vector data 
groups grouped as enclosed areas obtained at the step S4600 
are read from the memory 13 (RAM). 

[0123] At the step S4 7 55, the enclosed color detection unit 
31 calculates the coordinate of an internal point reached 
by advancing a certain distance, e.g., {{ line width/2 ) + .} 
dots, perpendicular to the vector from a point on the vector 
toward the inside of the enclosed area . In the above formula , 
. is a positive integer. The calculation formula of the 
coordinate of the internal point is not limited to {(line 
width/2) + .}, rather it can be any formula suitable for 
calculating the coordinate of the internal point of the 
enclosed area that does not contain the line width. 
[0124] At the step S47 60, the enclosed area color detection 
unit 31 obtains the color information of the position 
corresponding to the coordinated of the internal point 
obtained at the step S4755 . The color information concerning 



- 34 - 



the closed area can be expressed in various kinds of data, 
such as RGB, CMYK or L*a*b*. 

[0125] At the step S4765 7 a judgment is made whether the 
detection of the color information has been completed for 
the total length of the current vector- in-question, 
specifically, for the specified number of sampling points 
for the vector-in-question. If the detection of the color 
information has been completed for the total length of the 
vector-in-question (S4765: Yes) , the control advances to the 
step S4770. If the detection of the color information has 
not been completed for the total length of the 
vector-in-question {S4765: No), the control returns to the 
step S4755. 

[0126] At the step S4770, a judgment is made as to whether 
the color information has been detected for all vectors of 
the vector group that constitute the enclosed area in question . 
If the detection of the color information for the entire length 
of each vector for all vectors that constitute the enclosed 
area has not been completed (S4770: No) , the control advances 
to the step S4775. If the detection of the color information 
for the entire length of each vector for all vectors that 
constitute the enclosed area has been completed ( S4770 : Yes ) , 
the control advances to the step S47 80. 

[0127] At the step S4775, the next vector in the vector 
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group that constitutes the current enclosed area is selected 
as the vector-in-question, and the control returns to the 
step S4755. 

[0128] At the step S4780 , the enclosed area color detection 
unit 31 generates a histogram concerning the color information 
detected for the entire length of each vector for all the 
vectors that constitute the enclosed area. 
[0129] At the step S4 7 85, the enclosed area color detection 
unit 31 detects the color information value of the highest 
frequency from the histogram generated at the step S 4 7 8 0 ( "most 
frequent value") and defines this highest frequency value 
as the color of the enclosed area. The reason for using the 
most frequent value as the color of the enclosed area is to 
prevent the occurrence of a case where it fails to detect 
the proper color inside the enclosed area. For example, if 
there is a cross point, where multiple vectors (line segments ) 
cross each other, there is a possibility of detecting the 
color of a crossing line itself . The use of the most frequent 
value provides a means of detecting the color of the enclosed 
area itself without fail even when multiple vectors are 
crossing each other. 

[0130] At the step S4790, a judgment is made whether the 
color detection is completed for all enclosed areas that are 
extracted. If the color detection has not been completed for 



- 36 - 



all the enclosed areas (S4790: No), the control advances to 
the step S4795. If the color detection has been completed 
for all the enclosed areas (S4790: Yes) , the control returns 
o the flowchart of Fig. 6. 

[0131] AtthestepS4795 / the next enclosed area is selected 
from the extracted multiple enclosed area as the enclosed 
area-in-question, and the control returns to the step S4755. 
[0132] Although it is described in the above to use the 
average value or the most frequent value in the detection 
of the colors of the line graphics and the colors inside the 
enclosed areas surrounded by the line graphics, the invention 
is not limited to it. For example, medians or other 
statistical values can also be used for the color detections. 
Also, it goes without saying that the more samples are used, 
the more accurate the results will be. 

[0133 ] A specific example of the above procedure for graphic 
areas will be described in the following referring to Fig. 
15 . It is assumed that an example graphic image is an enclosed 
area, which has a black frame line and its inside is covered 
with green, as shown in Fig. 15 (A) . Let us also assume that 
the line width of the frame line is smaller than the threshold 
value. 

[0134] When the image data of the enclosed area with a frame 
line as shown in Fig. 15 (A) is inputted into the vector 
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conversion unit 23, the processes of binarization (S4505), 
core line conversion (4510), vector conversion (S4515), and 
line width detection (S4520) are conducted in the sequence 
at the step S4500 of Fig. 3 (refer to Fig. 4 for detail). 
Since the line width is smaller than the threshold value ( S4 52 5 : 
No), the core line vectors will be outputted. More 
specifically, four core line vectors , i.e., vector EF, vector 
FG, vector GH, and vector HE, are generated along the line 
graphics EFGH as shown in Fig. 15B. Each of the vector data 
has the information of the start point coordinate, the end 
point coordinate, and the line width. 

[0135] When the data for these four vectors are entered 
into the enclosed area extraction unit 27, the vector EF, 
for example, is set up as the vector-in-question at the step 
S4600. The coordinate of the start point E of the vector EF 
is stored at the memory 13 (RAM) (S4605) . Since there is one 
other vector that connects with the end point F (S4610: Yes) 
in this case, the vector FG becomes the candidate vector (S4615) . 
Since this vector FG has never been used (S4630: Yes) and 
the coordinate of the end point G of the vector FG does not 
match with the stored coordinate of the start point E (S4635: 
No), the vector FG is selected as the vector-in-question 
(S4640) . 

[0136] Repeating a similar process on the 
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vector-in-question FG, the vector GF becomes the 
vector-in-question. Further continuing on the process, the 
vector HE becomes the vector-in-question. When the 
vector-in-question is the vector HE, the coordinate of the 
end point E of the vector HE matches with the stored coordinate 
of the start point E (S4635: Yes), so that a judgment is made 
whether the vector group (vector EF, vector FG, vector GH, 
and vector HE) has already been grouped as an enclosed area 

(S4645) . Since it has not been grouped yet in this case (S4645: 
No), the vector group (vector EF, vector FG, vector GH, and 
Vector HE) is grouped as a newly extracted enclosed area 

(S4650) . 

[0137] The vector color detection unit 31 and the enclosed 
color detection unit 33 detect the color of the line graphics 
(vector ) themselves and the color of the inside of the enclosed 
area respectively according to the step S4700 of Fig. 3 (refer 
to Figs. 6 and 7 for detail). 

[0138] In the vector color detection process, the line 
graphics that correspond to the data of the four vectors are 
inputted into the vector color detection unit 31. in this 
case, the coordinate of, for example, the mid point I of the 
vector EF is calculated at the step S4710 of Fig. 6 (refer 
to Fig. 7 for details) in this case (S4715). The color 
information of the positions corresponding to the start point , 
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end point, and mid point are obtained from the input image 
data (S4720) , the average value of these data is calculated, 
and this average value is detected as the color information 
of the vector EF (S4725). This process is repeated for the 
remaining vectors, i.e., vector FG (mid point J), vector GH 
(mid point K), and vector HE (mid point L) in sequence. As 
a result of this, it is possible to add the color information 
to each vector and the colors of all line graphics are detected 
(refer to Fig. 15 (C) ) . 

[0139] In the enclosed area color detection process, when 
the enclosed color detection unit 33 receives the group of 
vectors that are recognized as an enclosed area surrounded 
by line graphics , the coordinate is calculated for an internal 
point reached by advancing perpendicular to the vector from 
a point on the vector in the aforementioned manner for each 
vector (line segment) at the step S4750 of Fig. 6 (refer to 
Fig. 8) (S4755). The color information is obtained for the 
positions corresponding to the internal points from the input 
image data (S4720). A histogram is generated for the color 
information for the total length of the vector for each vector 
(S4780). The most frequent value is detected as the color 
information of the enclosed area (S4785). This makes it 
possible to handle the color information within the enclosed 
area as a package (refer to Fig. 15 (D)). 
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[0140] Therefore, according to this embodiment, it is 
possible to handle and store the information concerning the 
line width and color of the line graphics and the information 
of the color inside the enclosed area together with the vector 
data as a package ( as one image data file) . More specif ically, 
not only the color of a diagram, but also the color inside 
an enclosed area can be detected and handled with the vector 
data as a package (as one image data file), so that it can 
reproduce faithfully not only the line color but also the 
color inside an enclosed area. Moreover, since the 
information of the line widths of line graphics can be handled 
with vector data as a package, it provides the benefits of 
reduced data volume and improved convenience in data handling 
as well as prevention of line width change in scaling the 
graphics up and down during the editing process. 
[0141] Although it is assumed that the image-processing 
device according to this invention is applied to a standalone 
digital copying machine 100 (Fig. 16) in the above description 
of this embodiment, the invention is not limited to it. For 
example, it can be applied to a scanner 210 and a printer 
220 connected to a network 200 as shown in Fig. 17. The 
image-processing device according to this invention can be 
built into either the scanner 210 or the printer 220 in this 
case. 
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[0142] Several other application examples of this 

invention is added in the following. The image-processing 
unit 7 as shown in Fig. 1, is provided in all of the cases 
described below to receive raster data obtained by scanning 
graphic images, store and handle the line widths of line 
graphics, the colors of line graphics, and the colors of 
enclosed areas surrounded by line graphics extracted from 
the raster data together with vector data as a package. 
[0143] (Second Embodiment) 

[0144] The example shown in Fig. 18 is a case where the 
graphics data (vector data) obtained after vector conversion 
is to be outputted as an electronic file rather than to be 
printed. In other words , the image-processing corresponding 
to the second embodiment as shown in Fig. 18 is constituted 
as an electronic file generator 300, which has the advanced 
vector conversion function. 

[0145] The electronic file generator 300 comprises, 

although not shown in the drawing, a scanner engine, the 
image-processing unit 7, various external output ports to 
be connected with external equipment such as notebook type 
personal computers and/or PDA, removable type memory media, 
recording media drives to read and write memory media, and 
a network port to be connected with a network. The external 
output ports , the recording media drives and the network are 
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jointly called hereinafter as the "external output unit." 
The external output ports include serial and parallel ports 
such as USB, IEEE1394, and IEEE1284. The recording media 
drives include a flexible disk drive, Zip drive, PC card drive, 
and/or an MO disk drive. 

[0146] The image-processing unit 7 processes the raster 
data obtained by scanning with a scanner engine . As a result , 
image data files of specific format (e.g. , PDF) are generated 
(refer to Fig. 3). At this point, information such as line 
widths and color inside of the enclosed area and vector is 
stored as an image data file. The image data file generated 
can be outputted through the external output ports, the 
recording media drives or the network ports to personal 
computers, floppy disks, Zip disks, PC cards, MO disks and 
the network as specified in each circumstance as shown in 
Fig. 20. 

[0147] (Third Embodiment) 

[0148] The example shown in Fig. 19 is a case where image 
data obtained by external equipment are imported instead of 
directly scanning documents to obtain image data. The 
image-processing device that corresponds to the third 
embodiment shown in Fig. 19 is configured as a printer 400 
having the advanced vector conversion function. 
[0149] Although it is not shown in the drawing, the printer 
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400 is equipped with various external source input ports to 
be connected to external scanners , digital cameras , hand-held 
scanners with built-in memory, etc., the image-processing 
unit 7 , and a printer engine . The external source input ports , 
recording media drive, and network ports are used for receiving 
image data from the external sources. 

[0150] Image data obtained by external equipment such as 
external scanners, digital cameras, hand-held scanners with 
built-in memory are imported via the external source input 
ports and are processed by the image-processing unit 7 before 
being printed by the printer engine. 
[0151] (Fourth Embodiment) 

[0152] The example shown in Fig. 20 is a case where image 
data are received through the network and image-processed 
by means of the advanced vector conversion function, after 
which resultant image data files are transmitted via the 
network to the outside. The image-processing device 
corresponding to the fourth embodiment shown in Fig. 20 is 
configured as a server 500 (hereinafter "image-processing 
server") that provides an image-processing service that 
includes the advanced vector conversion function to other 
equipment on the network such as computers . 
[0153] The image-processing server 500 is equipped with 
network ports and the image-processing unit 7 (not shown). 
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It is not necessary to input the parameters (e.g. , threshold 
values) required for the advanced vector conversion function 
and can be inputted from the outside via the network. 
[0154] The image-processing unit 7 processes image data 
received through the network ports via the network. As a 
result, image data files according to the specified formats 
(e.g., PDF) can be generated (Fig. 3). As shown in Fig. 20, 
generated image data files are transmitted to the outside 
again through the network ports via the network. In other 
words , the server receives image data and necessary parameters 
from an application (sender) on an arbitrary computer on the 
network, executes image-processing including the advanced 
vector conversion function , and transmits back to an arbitrary 
computer (s) on the network the image data files where not 
only information concerning line widths and colors of line 
graphics but also information concerning colors of enclosed 
areas surrounded by line graphics with vector data as a package . 
[0155] (Fifth Embodiment) 

[0156] The application shown in Fig. 21 is a case where 
only the image-processing functions are provided including 
advanced vector conversion function in the main unit without 
providing a scanner engine or a printer engine , so that external 
equipment such as a scanner or a printer can be used as necessary 
In other words, the image-processing device that corresponds 
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to the fifth embodiment shown in Fig. 21 is configured as 
a controller 600 equipped with the advanced vector conversion 
function. 

[0157] The controller 600 is equipped with external source 
input ports, the image-processing unit 7 , and external source 
output ports (not shown). The external source input ports 
and the external source output ports can be input/output ports 
capable of handling both data input and output . The controller 
600 shown here is connected to a scanner as the external source 
input equipment and a printer as the external source output 
equipment, wherein the controller 600 functions as a 
scanner/printer controller. 

[0158] image data obtained by scanning a document is 
imported through the external source input port and processed 
by means of the image-processing unit 7 to generate an image 
data file of a specified format (e.g., PDF) (refer to Fig. 
3 ) . The image data file thus generated is transmitted to the 
printer through the external output port as shown in Fig. 
21. 

[0159] The advanced vector conversion function in each 
embodiment shown above is performed as the CPU and image 
processor unit execute a specified program where the 
processing sequence is described (refer to Fig. 3 through 
Fig . 8 ) and the program can be provided by computer readable 
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recording media such as a flexible disk and a CR-ROM. The 
program that is stored in one of those computer readable 
recording media is normally transferred to the hard disk and 
installed. The specific program can be provided 
independently as application software that executes each 
process mentioned above or can be built into a function of 
the devices 100 through 600 in the software of the devices 
100 through 600. The program product claimed includes the 
program itself, the recording media that stores the program, 
and devices that operate based on the program installed in 
them. 
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